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Marys River Floodplain Ecosystem Studies 
Why study a floodplain ecosystem?  First, a functionally intact river floodplain is able to 

offer a number of unique ecosystem services benefits to human society and to the natural 
environment (Costanza et al 1997, Baron et al 2003, Daily et al 1997, de Groot et al 2002).  
Second, in many parts of the developed world, river networks have lost much of their historic 
connectivity to extensive natural floodplains through the construction of levees, from wetland 
draining and from stream flow regulation (Baron et al 2003, Zedler 1996).  This combination has 
led to an interest in preserving and rehabilitating the few remaining, ecologically functioning 
floodplains.  Any such effort should begin with a thorough understanding of what the floodplain 
benefits were before, what they are now, and what they could be in future under probable climate 
change forces or possible landscape-alteration disturbances.    

Why study a Marys River floodplain ecosystem?  The chosen Master’s degree study track 
combines Ecology and Education, so the proximity of a particular Marys River floodplain project 
site to Corvallis K-12 schools, and to the OSU campus has obvious benefits.  In addition, the 
Marys River watershed retains largely-intact riverine and riparian ecosystem processes, and 
unlike many major Willamette River tributaries, the Marys River flow is unregulated.  The 
Marys River is also only marginally-impaired by human development activities, with the 
majority drainage area consisting of upland conifer-forested coverage.  Finally, at the river reach 
scale, this study’s floodplain site of interest may be seasonally inundated for days or weeks at a 
time between October and March.  In combination, these characteristics suggest such a Marys 
River floodplain and natural area as an exceptional setting for study and for protection in its 
natural state (Heathcote 2009). 

The relatively new field of Ecological Restoration suggests a project planning strategy 
which first assesses the status of watershed-scale functioning and then uses that assessment to 
guide the site-specific actions needed to rehabilitate, restore or create desired environmental 
conditions (Roni et al 2013, Rieger et al 2014).  This floodplain ecosystems project concentrates 
on the preliminary step of assessing the ecohydrological and biogeochemical processes existing 
in the Marys River watershed.  It then compares this baseline assessment with the simulated, 
potential impacts of, 1) mid-21st century climate change and 2) watershed landcover change 
scenarios.   

Materials and Methods.   

Extensive online databases containing spatial and temporal environmental parameters 
enable ecosystem simulation studies to be performed for many global locations.  In brief, for the 
studies undertaken here, multi-year Willamette Valley weather and Marys River stream 
discharge data are applied to a topological drainage description of the Marys River watershed.  
Through the use of Visualizing Ecosystems for Land Management Assessment (VELMA, an 
ecohydrological model with built in plant-soil, geochemical fate and transport methods), various 
environmental processes are simulated and analyzed.  Figure 1 summarizes the VELMA data 
initialization downloadable databases and their application to these studies.  The major input 
components of VELMA are, 1) a digital elevation map (DEM) of the watershed, 2) a daily 
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stream discharge record covering a period of interest, 3) a vegetation cover type (tree species, 
pasture, shrub, etc.) including tree age map overlays, 4) a soil map layer and, 5) daily 
precipitation and mean air temperature records (VELMA 2014).  Unlike spatially-variable cell 
attributes, for these simulations, historic daily precipitation and air temperature records are 
applied synchronously to every grid cell for the duration of a specified simulation. 

 

Figure 1 VELMA’s use of inputs from downloadable databases. 

USGS Digital Elevation Model (DEM).  The spatial driver of watershed processes is 
topography.  Complex hydrological analyses depend on first defining a drainage network 
(Bolstad 2019), and digital elevation models are indispensable inputs.  US Geological Survey 
(USGS) DEM data retrieved from the online USGS Data Gateway, in raster grid format, is 
typically composed of several abutting, rectangular maps needed to cover an entire county, for 
example.  Typical grid cell sizes available are 10m, 30m and 60m.  Most of the analysis for this 
study was done using a DEM with 60m grid resolution amounting to over 220,000 cells for the 
full Marys River watershed.   

EPA VELMA Ecohydrological Simulation.  VELMA “is a spatially distributed, eco-
hydrological model that links a land surface hydrology model with a terrestrial biochemistry 
model for simulating the integrated responses of vegetation, soil and water resources to 
interacting stressors” (VELMA 2014).  An understanding of watershed-scale water storage and 
water flux is essential to restoration ecology for terrestrial, as well as for aquatic ecosystems 
(Falk et al 2016).   

VELMA’s typical application involves watershed-scale modeling to generate forest 
management and water quality solutions.  A watershed topographical definition, in the form of 
land surface elevation raster grid, is processed using mathematical algorithms such that flow 
directions are defined from grid cell-to-cell to generate the full drainage network (Figure 2).  The 
image on the left in the figure shows such a Marys River drainage delineation to an arbitrarily-
selected analysis point, in this case to a potential floodplain restoration site (red dot).  The 
corresponding satellite view on the right shows the site’s proximity to the OSU campus. 
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Figure 2 A VELMA analysis grid cell network is defined by drainage delineation. 

Climate Change Model Forecasts.  Because an underlying motivation for this project is 
native fish species habitat preservation or creation, climate change must be explored to 
understand future implications for freshwater habitat fitness and the fish species surviving 
within.  Specifically for the Marys River, a two-fold aquatic habitat stressor may be expressed as 
the superposition of a dry-summer/mid-21st century climate change forecast, on a representative 
dry summer year (e.g. 2014 in Figure 3 for the Marys River).  This first climate change study 
combination (aka VELMA Simulation A, “Sim A”), is contextually mapped in Figure 3.  As an 
opposing extreme, a representative wet-summer year (e.g. 2013 in Figure 3 for the Marys River) 
is superimposed with a wet-summer climate change forecast.  This combination accordingly 
defines the Sim B mapped in the figure.  These, and other scenarios are compared to the baseline 
VELMA simulation for both the 2013 wet-summer and 2014 dry-summer.  The remaining three 
climate change simulations (Sim C, Sim D and Sim E) study the changes due to landcover 
alteration scenarios.   

 

Figure 3 Simulations mapped for baseline, climate change and landcover Sims. 

Discussion of Results  
A number of VELMA-generated watershed displays highlight important temporal aspects 

of baseline conditions in the Marys River watershed.  This landscape-scale assessment is 
necessary to inform the prospects for reach-scale aquatic habitat restoration efforts in the near-



4 
 

term.  Figure 4 is a time series overview of a few of over 200 physical and biochemical 
parameters evaluated and archived for each day of a simulation period.  On this representative, 
full-year simulation display, yellow vertical bands have been added to highlight how nutrient 
pools typically respond to precipitation events during the year.  (Stream discharge may be used 
as a proxy for precipitation, and incorporates a characteristic time lag depending on specified 
landcover, concurrent soil characteristics and antecedent precipitation events.) 

 

Figure 4 Representative baseline nutrient and weather parameter dynamics. 

 Water Quality Assessment.  Table 1 shows the Marys River water quality data (STORET 
2021) with added columns for the limits established for freshwater streams by the Oregon 
Department of Environmental Quality (DEQ).  The green-shaded cells in the table indicate 
measurements which satisfy an associated state standard.  The conclusion discernable at a glance 
is that Marys River water quality near its Willamette River confluence is generally acceptable.    

As for the few deviations, the pink-shaded entries denote water quality measurements 
which do not meet a published standard.  For example, the levels of water column phosphorous, 
a possible indicator of eutrophication, are slightly above the recommended levels for both the 
summer and fall sample days selected.  The elevated calcium value indicates a water hardness 
condition, but it is somewhat offset by an acceptable magnesium level. 

Both the fall and summer dissolved oxygen measurements are above 9 mg/l.   Some fish 
species, such as small and large mouth bass can tolerate low DO levels in the 5 mg/l range 
(Helfman 2007), but in the Willamette Valley, bass are a non-native, introduced species.  The 
native fish species of more ecological concern in this project fair better with higher DO levels, as 
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high as 11 mg/l for nesting (DEQ 2021), but levels of around 9 mg/l are thought to be generally 
acceptable (DEQ 2021).    

Table 1 Marys River water quality near the outlet cell is generally acceptable. 

 

Summary and Conclusions.   
This project report began by asking the question, “Why study a floodplain ecosystem?”.  

Their rare and unique combination of biotic communities, abiotic characteristics, and the 
dynamic biogeochemical processes occurring floodplains make them worthy Environmental 
Sciences study subjects.  And given the amount of floodplain ecosystem areas lost to the human 
needs of agriculture, commerce and built environments; preserving and enhancing the remaining 
floodplains justifies formulating, through study and evaluation, coherent approaches to 
floodplain restoration and protection.  Finally, the third thread underlying the motivation for this 
project is a longer-term objective of creating an additional outdoor venue for the teaching of 
science, and for reinforcing a general public appreciation for natural areas. 

   
The focus of most of the project effort has been regarding the first objective of gaining a 

rudimentary understanding of the ecohydrological and biogeochemical status of the Marys River 
Watershed, and of how that baseline may be affected by climate change forecasts and potential 
landcover alterations.  The VELMA simulation model has facilitated making such quantitative 
assessments and comparisons, and the conclusion has been that natural Marys River watershed 
functions are intact for the most part.  A modest stream water thermal impairment exists, which 
may be worsened in a dry summer under anticipated climate change scenarios.  But because 
groundwater temperatures, as simulated, are expected to remain cool (at 8°-10°C), deep pools in 
or adjacent to the main stream may provide adequate summer refugia for at-risk native fish 
species.  If cold water refugia are defined as a stream locations where water temperature remains 
at least 2°C cooler than well-mixed, adjacent flows (DEQ 2021), it may be possible to restore or 
construct functional alcoves if they can adequately access hyporheic streamflow or groundwater, 
and with an alcove inlet oriented downstream so as to limit mixing with warmer, main channel 
waters.  
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When a task of ecological restoration is contemplated, two questions may be asked:  1) 
are existing conditions and biogeochemical processes sufficiently intact that restoration to some 
level of adequate ecosystem function is feasible and self-sustainable, and 2) will forecast long-
term changes in local climate or landcover jeopardize the accomplished restoration?  The project 
sought to answer these questions with respect to a lower Marys River floodplain site, by using 
VELMA and other resources to assess current ecosystem conditions, and to consider the impacts 
of potential climate change and altered land-use/land-cover.  The abbreviated findings of these 
three study components are: 1) because of largely intact, forested Marys River headwater reaches 
and minor downstream urban and agricultural impacts, no substantial riverine impairments 
currently exist, 2) in applying an ensemble average of climate change forecasts for Oregon’s 
Willamette Valley, no significantly detrimental aquatic habitat impacts are anticipated, although 
environmental stressors can be identified, and 3) simulating the all-conifer forest and all-
grassland land cover extremes produces different ecohydrological and biogeochemical 
characteristics, but the outcomes of both extremes fall within an acceptable range of riverine and 
riparian habitat conditions.    

Given this baseline of reasonably suitable present conditions, and the likelihood that such 
conditions will remain suitable for at least the next few decades, restoration efforts may be 
undertaken with some confidence of success and unassisted sustainability. 
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